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ABSTRACT

This research is an investigation of the effects of

instruction set on tracking rerformance., Two sets of

instructionss one emPhasired accuracy while the other

emphasized sreedy were tested. Number of errorsy time of

errors and time to comprletion under each instruction set

were measured., Prorportional error in times mean time of

sindgle errors and mean interval between successive errors

were extracted and discussed., Time to comrletion under the
accuracy condition was arrroximately four times londger than
under the sereed conditions but the number and time of errors

showed no significant difference between the two

exrerimental conditions.
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I. INTRODUCTION

A. INSTRUCTION SET

We are continuously exrosed to 3 wide varietwy stimuli.

A driver sees the traffic sbout himy hears the noise of the

endginer senses the a3ir temperaturer etc. Howevers we do not

react eaually to 311 the stimuli imrPinging uron us a3t ang
diven time. Our rercertions are selective. We would be
overloaded if we had to attend to everw stimulus rresent in

our environment (Hildard et 3l.»1975). It has been

hurothesized that the nervous sustem must have some kind of
redgister(e.d.viconic memory for vision or econic memory for
auditory) where incoming sensorgs information is temrorarily
stored in 38 rather crude and unanzlgezed form (Baron et
al.»1977). Durind the scannind rrocess» certain classes of
sensory inputs ¢an be wpected to have a2 higher level of
rertinencer (e.gd.y 3 mother will hear her babg’s cry above

the conversation of 3 roomful of reorle), Some sort of

: attention mechanism selects *for further Pprocessing those

sensory inputs that seem most imeortant or rertinent.

Determinants of which of many compretindg stimuli will Hain
our attentions are not only rhysical prorerties of the
stimulus like intensitw» sizey contrasts movementy but
certain internsl variabless such as motives and
exrectancies.

In an exrperimental settindgr instructions serve as a
means of directind 3 subdect’s attention(i.e.r producing the

desired orientation) to the stimuli and responses of




interest to the exrerimenter. It is a most imrortant waws of

controllind 8 subdect’s motives and exrectancies., Telling
the subdect what the speriment is 3ll about, what the
subJect i1s to dor and how he 1is to do it are an essential
indredient in exrerimental research.

Frorer instruction of exrerimental subdects is a
Frrereqauisite to effective research (Lucaccini et 31.5,1968).
Clearlyy if there is significant wvariation in the
instructions diven to subdectsy the exrerimental result is
unreliable. Berdum & Lehr{(1964) comrared the rerformance of
a control drour with no srpecial treatment with that of an
wxeperimental drour receivindg 20 cents for each correctly
detected sidnal(rasitive incentive)sr and losing 20 cents for
each error of omission(nedative incentive). The rositive
incentive drour made 98 percent correct detections and the
nedative incentive drour 3chieved 84 rercent while the
control dgrour achieved 76 rercent. Even minor chandges in the
exrerimental srocedure in subdect rerformance cam lead to
statistically significant differences. Fraser(1933)
suddested that the eresence or absence of the exrerimenter
from the room in which the subdect was rerformind a
vidilance task might affect results. In testing the
hurothesis usingd 3 60 minute vidilance tasky bhe found that
with the exrerimenter absent 3 mean of 2.17 signals was
misseds with the exrerimenter present this figure fell to
0.89.

As suddested abover numerous procedural variables,
including instructions diven to subdects can influence

rerformance. A recommended procedure for dood exrerimental
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control is to write out a standarized set of instructions

carefullyy and read it or have the subdect read it or rlay
it on a3 tare to the subdect. Sometimes even the tone of
voice and desture of the exrerimenter during instruction can
affect the results. The exrerimenter should let subdects
know what theu are to strive for ! sreeds accuracys boths
etc., Mang exrerimental tasks are not familiar to subdects.
Instructions should be written simeplys clearls and directly.
Following rresentation 6f instructionss the exrerimenter
should check to ascertain that instructions are understood.
Only after the exrerimenter is sure that instructions are
understood comrletly buw the subdectss should he start the
exreriment.,

Irn summargy rerformance on any task is 1in a larde rart
determined by the "set® or predisrosition of subdects. This
set is rartiaslly determined by abilities broudht to the
exrperimental settind byg subdects and in rart determind bw
conditions which exist within the exrerimental settindg.
Frequentlysy rather subtle factors mavw imract on subdects and
exert 3 rather rrofound influence on behavior/rerformance.

This thesis was desidned to examine the rossible influence

of instructions diven subdects in the rerformance of a taskhk.
Madan(1980) in a tracking task instructed subdects to

be as accurate as rossible in their performance. Therefores
the task based on instruction rrovided by the exrerimenter
was to minimize errors. Given that instruction set may
influence rerformance it was decided that an attemet should
e made to assess the effect of emrhasizing sreed as orrosed

to accuracy. If instructional set is carable of influencing

11




rarformance by alterind the orientation of subdectsy it can

be rostulated that by emrhasizind sreed with which
erformance is tao be accomplished as orrosed to accuracyy
more errors should be observedy but subJects should complete

the task in 3 shorter time period.

12
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B. ACCURACY vs SPEED

The time reauired for and accuracy of movements can be
influenced by 3 number of factors, including the distance
movedy the rplane and andle of movement in relation to body,
the manirulation which will be reauired at the end of the
movementr» and the incentive for the movement. Orerators can
be induced to exchande sreed for accuracy (and vice versa)
bs means oaf instructions(Fittss»1964). Houwevers if sreed
stress is rushed bewond the roint of achieving reasonable
accuracyy rerformance in terms of rate of transmission
deteriorates raridly. A similar deterioration occurs with
excessive emphasis on accuracw(Hillix and Coburn»1961).
Conrad(193S5) suddests that sreed stress is essentialls a
reagction on the erart of a3 rerson working on a task that has
the effect of worsening his rerformance begond what might be
exrected from the shdsical characteristics. AR exrerienced
orerator works a8 near ortimum comepromise between sreed and

SCCUT3CY.
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C. TRACKING

Trackindg can be considered to consist of the execution
of accurate movements at the srorer time(Foultons1974). As
suchy trackingr like most forms of serformance consists of
doind the right thing in the rrorer time frame. In trackings

rarformance is dernerally concerned with resronse execution

and therefore rerformance i1s denerally measured in terms of
accuracy(FPoultonsy1966). Furthers most tracking research has
concentrated on task centered or machine variables., Task
centered variables consist of rhusical recuirements of the
task itself» disrlaw confidgurations control sustem desidgny
etc. (Adams»1961). Howeverr Adams(1961) has also suddested
the fact that rrocedural or man-centered variables are also
carabhle of influencing tracking rerformance. Such variables

include inmstructionsy eractice trialsy lendgth of rFractice

etc.,

Therefore trackindg consists of a suhdect sttemrting to
coordinate his movementsr i1.e.y control of a3 tracking
instrument in terms of the demands made bw a8 stimdalus or
track, Factors involved in the task and it’s comrlexity
include endirneering or machine variables and man-centered or

rrocedural variables. Ferformance has traditiornslly bheen

measured in terms of the abilitwy of the subhdect to track the
stimulus with the emrhasis being rlaced on accuracy.

The rresent effort is corncerned with the effect of
procedural variablesr» srecificallwy instructionsy on  task

rerformance.

14
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D, VISUAL PERCEFTION

Sensation is the process by which stimuli are detected.
Amond 3ll the sensoruw processes» vision is the most accurate
and reliable for the human. Galenter(19462) roints out that
one can see a candle 30 miles awaw on a dark night., As
stimulir light enters the eve by first rassind throudgh a
transrarent cover called the cornea and then through the
PUril orenind that is controlled bw the iris. These control
both the amount of light allowed in and the sharrness of the
focused imade within the eve. Puril size is 3 comrromise
between maximum shareness and maximum light entry, FPuril
size also varies with emotional states like when males are
shown rictures of nude femalesy the ruril exrands (Hess and
Folts1960). The lens bends the light raus to focus uron the
retina in the back of the eye. The curvature of the lens can
be chanded in asccordance with the distance of the ob.dect one
wishes to view in the external world., This chande is
accomprlished by the ciliary muscles.

Percertion is the rrocess by which a2 rerson converts
sensory messades into understandable forms. A visual sensorw
stimulation is -  maintained in an iconic memorw(a visual
sensaory storade) for less than a secondr and the sean of
arprehension in 3 sindle dlance is no bidder than five bits
(Srerlindr»1960). One can not eprolondg the life of visual
information in the sensory storade without wusing the
rrimary(or short-term) memory. The information which is in
the short-term memorwy is still subject ¢to decawr and it can

be stored in the lond—-term memorw by self rehearsal.

15




Visual rercertion 1s 3 comrlex rrocess that involves

the interaction between the sensory erocess and cortex of
the bra2zin. One can easily differentiate 3 miniature car that
is claose from 3 real ore that is further awaw even thoush
the imsdes on the retins are almost the same. This
rercertual skill relies uron various combination of cues.
Althoudh a sindle cue by itself may be wunreliabler by
combining cues we c¢an arrive at an accurate picture of the
xternal situation.

A man with binocular vision has advantadges over a man
with monocular ! rnot only his total visual field is lardery
so that he c3an see more at oncey but also he has
stereoscoric vision. In stereoscoric vision the two eves
coorerate to vield the exreriences of solidits and distance.
A man with monocular visionr can create a three dimensional
confiduration by usind his visual exreriences to imPprove his
derth percestion.

Visual rercertion is oriented toward things rather than
toward the sensory imade. One’s rercertual exreriences are
not isolated. A well known obdect is rerceived as rermanent
and stable redardless of illumination.

The tendency to see an obdect as the same sice
redardless of distance is called size constancy. The fact
that an obJect arrears to retain the same rposition» even as
we move 3boutr is known as location constancy., The tendancy
to see an obdJect’s share 35 unchandind redardless of the
viewind andle is called share constancy.

Percertion is therefore concerned with the manner in

which an individual rerceives and interprets incoming

16
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stimuli. Performance is therefore derpendant uron the

stimuliy viswal functionind and observer’s intereretation.
Ferformance can be modified by alterind stimulis or
providing conditions which will dedrade or imepair visual
functioning, or by introducing variables which may influence
an observer’‘s interepretation of stimuli. Given that stimuli
and conditions affecting visual function remain constant, it
should be rossible to modify one’s interepretation of the
stimulus environment and therebw influence his behavior,
Instructional set should modifs one’s intereretation of
stimuli and this new interrretation should be reflected in

rerformance.

17
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II. OBJECTIVE

This exreriment investidated the relationshir between
sreed and accuracy with chandind instructions to the
subJjects.

The rresent effort was desidned to examine the
influence of instruction on rerformance in 3 tracking task.
As suddested above instructions served to orient the
orerator‘s attention and/or rercertion of his environment,
In tracking the emphasis has traditionally been rlaced on
the accurascy with which 3 subJect can track 3 stimulus input
with the inderendant variable(s) normallsy beind wmachine
oriented. Madan(1980) examined ererformance on a3 trackind
task in which his instructions were accuracy oriented.

The current effort will durlicate Madan’s study with a
maJor chande in the rrocedural variables of instructions
srovided to subdects. Srecifically where Madan instructed
subJects to rerform a8s accurately as rpossibles the Present
study compared instructions to the subject emphasizing
accuracy and sreed with which subjects were able to complete
the task, Results should indicate the impact of the

procedural variables of instruction on tracking rerformance.

18




III. METHODOLOGY

As stated earliery the do03l of this exreriment was to
compare tracking rerformances under two different
instructional setsy one emphasizind sreedr the other
emphasizind accuracy. The results of the task were evaluated
by number of errorss duration of total errors and the time
to completion. The task was to move 3 rrobe between two
duard rails and an underlying meshboard. Any touch of the

rrobe to a3 duard rail or meshboard was counted a3s an errory

and it’s duration was measured.

A. TEST SITE AND SUBJECTS

The exreriment was rperformed in the Man—-Machine Sustem
Design Laboratorw at the United States Naval Fostdraduste
School in Monterews California. Nineteen wilitars male
officer students at the School served as subJects. All were

volunteers from amond associates of the exrerimenter., No

rositive external reinforcements were givernry but 211 the
subdJects showed eaderness to rarticirate. Their sdes randged
from 28 to 40 with an averade of 34.6. None of the subdects
was known to have mental or rhusical disorders. None had

rreviously eperformed a3 tracking task of this nature.

B. APPARATUS
The trackind arraratus(see Fid.1l) was rlaced on a black
table tor in a sound attenuated booth(see Fig.2). The track

arparatus w3as conrnected to a2 Didgital FDOFS8/E Laborotory

Computer which counted the number of errorsr measured the

19




Fidure 1. Arraratus

Figure 2., Test
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duration of errors and time to comrletion. Every subdect was

instructed to touch both the start roint uwhen 3 trial was

commenced and to touch the end rsoint whern the trisl was
completed, Start and end roints consisted of contacts which
would alert the comruter that 3 trial had bedgun or ended.

The comPputer could recodnize and count anw touch londer

than 14 nano—-sec(1.4E-10 seconds).

C. FROCEDURE
All subdects were tested individualls. The test times
were arranded 3t the sub.dect’s convenience. Test trials were
sererated by 30 minutes to efrevent interaction between
rarticirants, Latin square techniaue was arrlied to assidn
the seauence of sreed and accuracy condition.
1. Before startind the exrerimenty each subdect was asked

whether there were any factors of which they were 3ware

which could influerce the results.

* 2., The instructions were diven to each subdect to resd.
i After reading the instructionr they were sllowed to ask any
auestions of the exrerimenter.(See Arrendix R)

3. All sub.ects were allowed two rractice trials.

4, The first test run was rreceded bw the the instruction
*This time wour doal is to do the task as FAST(or
ACCURATELY) as wou can."

i » The second test run was rreceded by the instruction "Now

wour g03l is doind the trackina as ACCURATELY(or FAST) as

' You can.”’




5. After comrletion of the exrerimenty each subdect was

asked if he had anw comments.

D. MEASURES

All data were collected and measured by means of the

PLF.8/E laboratory computer,

Measures included ¢

1. Number of Errors(NE) (i.e.» the number of times the
probe touched the rail or mesh)

2., Time of errors(TE) (i.e.» the cummulative duration of
touching the rail or mesh)

3., Time to comrletion(TC) (i.,e.y» the total +traverse time
between the start roint and the end roint)

4, Mean time of single error(MTE) (i.e.» the time of error
divided by number of errors)

S. Mean interval between error(MIE) (i.e.y the time to

completion divided by rumber of errors)

6, Prorortional error in time(FE) (i.e.y the time of errors

divided by time to comeletion)

The following acronums were utilized ¢

NES ! Number of errors(NE) in sreed condition.

NEA ¢ Number of errors(NE) in accuracy condition.

TES ¢ Time of errors(TE) in sreed condition

TEA ! Time of errors(TE) in accuracy condition

22
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TCS ¢

TCA ¢

MTES

MTEA

MIES

MIEA

FES ¢

PEA ¢

4
*

*
*

>
*

*
.

Time to comrletion(TC) in sreed condition

Time to completion(TC) in accuracy condition

Mean time of sindle error(MTE) in sreed condition

Mean time of sindle error(MTE) in accuracy condition

Mean interval between errors(MIE) in sreed condition

Mean interval between errors(MIE) in accuracy

Prorortional error(PE) in sreed condition

Prorortional error(PE) in accuracy condition

E. ANALYSIS OF DATA

An examination of the data revesaled that rarametric

technicues could rmot be arrliedr» even after attemrts to

transform the data, Therefore rnon—-rarametric technicues were

arplied., In order to determine the effect of different

instructionsy the Wilcoxon Matched—-razirs Signed-ranks Test

level of=0.05,., (see AFFENDIX.E).

was arplied to the data obtaimned under two instructions

emphasizing Sreed or Accuracu(Siedels1956)., Since N was

always 19y the critical redion was T&4é6 at significance

23




IV. RESULTS

The analusis of data showed the followind results

A. NUMBER OF ERRORS(NE)

errors are shown in Fig., 3 and Tahle I.

BBk OK +

4 g8 12 16
SUBJECT MO,

FIGURE 3, NHUMEBRER OF EFRRORS

Table I, Number of Errars(STATISTICS)

— .~ - e e ————

NES NEA |
F MEAN 55.3 54.8 .
. VARIANCE 673 110
" STD DEV. 25,9 33.3
* MEDIAN 49 55
TRIMEAN S1.7 59
MIDMEAN 53,5 62.1
RANGE 88 128
MID RANGE 62 79
COEF. SKEWNESS 0.31 0.52
_COEF. KURTOSIS -1.,08 -0.47

&hdL---i---n-----m-n - B . -
X ) _—

*
*

Samprlind distribution and statistics of obtained number of

1Bl (@ SFEED, +3ACCURACT)
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Huyrothesis Test

Ho ! Different Instructions have no differential effect on

number of errars. (NES=NEA)

HT $: Different Instructions have differential effect.

(NES#NEA)
The comrputed T was 55(Table II) and it was out of the
critical resion,
Decision?! Accert Null Hurothesis !
The conclusion is that there is no difference between ‘
number of errors in sreed condition and in accuracw

instruction.

Table II. Number of Errors(TEST)
(error rer traverse)

BUE MO SEEERD ACQURACT OIFFEREMHCE RAMK (D) FARTTAL SUM
1 106 104 2 +1
2 g7 143 ~54 17
3 55 84 -19 3
a 18 79 ~61 1§ 1
5 79 66 13 + _
6 | 71 86 ~15 4 T=55
7 78 42 36 +13
g8 | 46 32 14 5
9 | 34 102 ~68 19
10 | 30 55 - -25 11
11 64 49 15 +7
12 | 43 15 28 +12
13 45 97 ~50 16
14 | 29 20 S +2
15 62 40 22 +10
14 | 95 a5 50 +15
17 49 86 -3y 14
18 23 34 ~13 4
19 | 31 51 =20 9
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B. TIME OF ERRORS(TE)

Samrling distribution and statistics of the cumulative

durations of errors asre shown in Fidgd.4 and Table III.

(OISFEED, +JACCURACT)

SECOMND
18 .-
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|
!
I
|
|
|
I
|
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|
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|
|
(.
|
|

SURJECT MO,

FIGURE 4, TIME OF ERFOKS

Table III. Time of errors(STATISTICS)

TES TEA
MEAN 4,57 4,15
| VARIANCE 12,3 4,26
| STD DEV, 3.51 2.06
| MEDIAN 3,75 3.81
TRIMEAN 3.85 3,97
MIDMEAN 3.86 4,07
' RANGE 16,6 6.81
| MIDRANGE 9.54 4.38
| COEF. SKEWNESS 2,91 0.25
COEF. KURTOSIS 8.42 -1.18
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Hurothesis Test

Ho ! Different Instructions have no differential effect on
cumulative time of errors. (TES=TEA)

H1 ¢ Different Instructions have differential effect.
(TES#TEA)

The comruted T was 83(Table IV)s which failed to allow for
redection of the Null MHurothesis 3t significance level of
0.05.

Decision ! Accert Null Hyrothesis.
The conclusion is that there is no difference between
cumulative time of error with sreed instruction(TES) and

accuracy instruction(TEA).

Tahle IV, Time of Errors(TEST)

(second rer error)

GLIE , MO ! SFEEED ACCURACY DIFFEREMNCE RAMK (D) ' FARTIAL SUM

1 ! 4076 304“ 1 032 6

2 | 4.9 4,01 “1.11 —4

3 ! 3,63 4,84 ~1.21 -5

4 2,49 777 "5 .28 -18

5 ' 4,01 4,7 0.9 -2 ,
7 ! 4.81 3.28 1.53 8

8 ‘ 3,07 1.54 1.53 9 .
9 ' 3.44 7.57 4,13 —17 |
10 ! 1.41 3.58 "R2.17 —11

11 f 742 4,41 2,79 16

12 § 3,67 0.96 2,71 15 !
13 ; 3.75 8.2 "R.45 =13

14 4 1.23 1.81 ~0.58 -1

5 3.96 2.42 1.54 10

16 626 3.81 2,45 14

7 3.97 &6.27 2,3 -12

18 ‘ 3.32 2 1.32 7
19 f 3,09 2,24 0.83 3
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C. TIME TO COMPLETION(TC)

Samprlind distribution and statistics

comrletion are shown in Fidg. 5 and Table V.

(B!SFEED, +}ACCURACT)

SECOMND

8 12
SUBJECT NO,

FIGURE 5, TIME OF COMFLETIONM

——— OO0 _ |
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Table V. Time to completion(STATISTICS)

of

TCS TCA
HEAN 28.1 73.7 |
VARIANCE 879 1802 |
STD DEV. 29,7 42,4
MEDIAN 14,3 61.9
TRIMEAN 19,8 64.4 |
MIDMEAN 20 63.5 |
RANGE 115 154
MIDRANGE 60.4 104
COEF SKEWNESS 1.56 1.18

| COEF KURTOSIS 2,03 0.464 |
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Hurothesis test

Ho ! Different Instructions have no differential effect on
time to comepletion. (TCS=TCA)
H1 ¢ Different Instructions have differentiasl effect

(TCS#TCA)

Comruted T was O(zeroy Table. VI)» indicating that everwy
subJect had a larder TCA than TCS.
Decision ! Redect Null Hurothesis,
The conclusion is that the time of traverse(comrletion)
in accuracy condition is dreater than that of sreed

condition.

Table VI. TIME TO COMFLETION(TEST)

(secaond rer traverse)

SUEJ, MO SFEED ACCURACT DIFFERENCE RAMK (D) FARTIAL SUM

1 32.7 44,4 “11.7 2

2 ?.69 36.2 26,5 S

3 14,3 2846 “12.3 3

4 3.07 61,9 —58.8 14 -0
S5 11.8 42.5 ~30.7 ) -
é 23.8 79.6 -35.8 13

7 66.8 157 T90.7 18

8 39.2 82.6 T43.4 10

? 5.38 44.3 “40.9 9
10 4,86 31.4 T26.5 4
11 22.9 94.1 T31.2 7
12 52.1 124 “71.9 17
13 8.56 104 T95.6 19

14 118 181 62 15

15 58.9 70.4 “11.5 1

15 44 ?1.1 47 .2 11

17 6.6 54.2 T47.4 12

18 4.26 71.2 THE P 14

19 6.73 40.48 ~33.9 8 !
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D. MEAN TIME OF SINGLE ERROR(MTE)

The Mean time of single Error was extracted by the
total +time of error(TE) divided by the total number of
errors(NE) (MTES=TES/NES and MTEA=TEA/NEA).

Samprlindg distribution and statistics are shown in Fig. 6

(0! SFEED, +!ACCURACT)

SECOMD
0.36 __
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L 4
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— e e P mm e wm e = e e —— —

SUBRJECT NHO,

FIGURE 4, MEAN TIME OF SIMGLE ERROR

Table VII. Mean time of Error(STATISTICS)

MTES MTEF
MEAN 0,087 0.0665
VARIANCE 0.,00245 0.0003
STD DEV. 0,0495 0.0175
MEDIAN 0.,0667 0.0651
! TRIMEAN 0.0726 0.0663
' MIDMEAN 0.0746 0.0666
RANGE 0.206 0.0653
MIDRANGE 0.148 0.0657 }
COEF SKEWNESS 2,02 -0.,0446
COEF KURTOSIS 3.99 -0,778
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Huyrpothesis Test

Ho ¢ MTES=MTEA

H1 ! MTES#MTEA

Comruted value was T=50r which is out of the critical

redion{Table VIII).
lecision ¢! Accert Ho.
The conclusion is that the averade durstion of single

error(touch) wa3s same between sreed exreriment(MTES) and

accuracy exreriment (MTEA).

Table VIII. Mean time of single error(TEST)

(Second rer Touch)

SUER, NO SEEED ACCURACY DIFFEREMHCE RAMHK (D) ‘ FARTIAL SUM

1

1 0.,0449 0.,0331 0.0118 4 !

2 0.0563 0.042 0.0143 5 ‘

3 0.0558 0.0576  ~0.,00177 —1 ;

4 0.138 0.0984 0.04 15 |

5 0.0508 0.0712  ~0.0205 —11 !

6 0.251 0.04699 0,181 19 T=50
7 0.0617 0.0781  ~0,0154 =&
8 0,0667 0.0481 0.0186 8
? 0.101 0.0742 0.027 14
10 0.047 0.0651 ~0,0181 =7
11 0.112 0.09 0.0225 13
12 0.0853 0.064 0.0213 12
13 0.0833 0.0639 0.0194 10
14 0.0492 0.0905 ~0.,0413 —164
15 0.0639 0.0605 0.00337 2
14 0.,0659 0,0847 ~0.,0188 —9
17 0.081 0.0729 0.00811 3
18 0.144 0.0556 0.0888 18
19 0.0997 0,0443 0.,0554 17
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E. MEAN INTERVAL BETWEEN COMMITTING ERROR(MIE)

The mean interval between error(MIE) was extracted by
the time to comeletion(TC) divided by number of errors(NE) »
such that MIES=TCS/NES and MIEA=TCA/NEA. Sameling
distribution and statistics are shown in Fid. 7 and Table

IX.

(@!:SFEED, +!ACCURACT)

SECOMD
1.8 __ +

SUBJECT MO,

FIGURE 7, MEAM IMTERVAL BETWEEM TOUCH

Table IX. Mean interval between error(STATISTICS)

MIES MIEA
MEAN 0.5618 1.97
VARIANCE 1.090 6.36
STD DEV. 1.04 2,52
MEDIAN 0.22 0,925
TRIMEAN 0.364 1,11
MIDMEAN 0.310 1,12
RANGE 4,59 8,77
MIDRANGE 2.41 4,64
COEF_SKEWNESS 3.31 2,01
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Hurothesis Test

Ho

H1

b4
*

¢ MIES=MIEA

*

MIES#AMIEA

Comruted value(Table.X)

showed that MIES

Decision

< MIEA.

was T=0»

ReJdect Ho.

The conclusion is that

such that everwy subJject

averadge interval between committing

errors in time with sreed

experiment (MIES) was smaller than

that of accuracwy exreriment (MIEA).

Table X. Mearn interval between errors(TEST)
(second rer touch)
SUBJ,NO SFEED ACCURACRY DIFFEREMNCE F:ANK(III) FARTIAL SUM

1 0.314 0,427 “0.113 1

2 0.0678 0.253 ~0.185 3

3 0.17 0.317 ~0.147 2

4 0.,0389 0.784 ~0.745 12

5 0.179 0,644 0,445 P

6 0.276 0,925 ~0.,649 10 =0
7 1.59 3.75 2,14 17

8 1.23 2.58 ~1.34 15

9 0.0527 0,454 ~0.401 5

10 0.0884 0.57 ~0.482 7

11 0.448 1.1 ~0.436 9 ;

12 3.48 27 ~4.8 19 !

13 0.0882 1.07 ~0.985 13 !

14 5.88 9,03 ~3.14 18 ‘

15 1.47 1.76 ~0.288 4

146 0.977 2.03 ~1.05 14

17 i 0.0767 0.63 ~0.554 8

18 ; 0.118 1.98 ~1.86 14

19 i 0.132 0.797 0,465 11
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F. FROFORTION OF ERROR(PE)

The percent of errors in cumulative time was extracted
by the time of errors(TE) divided by the time to
completion (TC)r» such that PES=TES/TCS and FEA=TEA/TCA.

Samprling distribution and statistics of erorortionsl error

are shown in Fig, 8 and Table XI.

(O SFEED, +JACCURACT)

SUBJECT MO,

FIGURE g, FROFORTIOMAL ERKOR

Table XI. Frorortional error(STATISTICS)

]
; PES FEA
‘ MEAN 0,356 0.078
| VARIANCE 0.071 0.003
: STD DEV. 0.266 0,055
b MEDIAN 0.314 0,076
. TRIMEAN 0,327 0.074
l MIDMEAN 0.324 0.072
& RANGE . 0.801 0.174
; MIDRANGE 0.411 0,095
f . COEF SKEWNESS 0.355 0,425
: COEF KURTOSIS -1.280 -1.090
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Huypothesis Test
Ho ¢ PES=FEA
H1 ! PES#FEA

Computed value was again T=0(Table XII)» such that every
subJect recorded PES:FEFP.

Decision ! Redect Ho.

The conclusion is that the erorortion of error under the
srpeed instructions (PES) was dreater than that under the
accuracy instructions(PEA).,

Table XI1., PFrorortional error(TEST)
(rercent)
SURY, MO SFEED ACCURACTY DIFFEREMCE RAMNK (D) FARTIAL SUM

1 14.6 7.75 $.82 é

2 90.6 16.6 34 12

3 25.4 18.2 7.21 7

4 g81.1 12.6 468. 6 18 a

5 33.9 11.1 22.8 10 T=0

é 75.1 7.95 &7.5 17

7 7.2 2.08 5.12 3

8 . 7.82 1.86 S5.926 4

4 63.9 16.4 47 .6 15
10 29 11.4 17.6 4 i
11 31.4 8.15 23.2 11
12 7.04 0.774 65,26 1
13 43.9 S5.99 37.9 13
14 1.05 1 0.0429 i
15 6.73 3.44 ' 29 2
146 14,2 4,18 10.1 8
17 60.2 11.6 48. 6 146
18 77.9 2.81 75.1 19
19 45.9 5.96 40.4 14
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V. SUMMARY OF RESULTS

A, NUMBER OF ERRORS(NE)

Slightly more than half(10 of 19 subdects) recorded more
errors during the accuracy exreriment(med ¢ 49 errors) than
trials emrhasizind sreed(med ! 55 errors). However there was
no statistically significant difference between the number

of errors in the sreed expreriment and accuracuy exreriment.

B. TIME QF ERRORS(TE)

Half(10 of 19 subdects) recorded londer sccumulated time

of errars under sreed emphasis(med ! 3.75 sec) than accuracy
emphasis(med ¢+ 3.81 sec). The difference was not

statisticalle significant.

C. TIME TO COMFLETIONC(TO)

.

The comrletion time of accuracy rportion(med ! 61.9 sec)
was approximately four times that of sreed emprhasis(med ¢

14.4 sec).

D, MEAN TIME OF SINGLE ERROR(MTE)
The mean time of sindle error wunder the accuracy

emphasis(med ¢ 0.065sec) was shorter than that of sepeed
rortion(med ! 0.074 sec). But the difference was not

statistically sianificant.

E. MEAN INTERVAL BETWEEN ERRORS(MIE)

The average interval between committing errord in
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accuracy rortion(med ¢ 0.79 sec) was aprroximatelw four

times that of sreed exreriment(med ¢! 0.204 sec). This

difference was statistically sidnificant.

F. PROPORTION OF ERROR(PE)

The averade rprorortional error under the speed
emrhasis(med ¢ 38.8 percent) was arproximately five times
that of the prorortion errors under the accuracy
emrhasis (med : 7.9 rercent)., This difference was

gtatisticalle significant.
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VI. DISCUSSION

The results indicated that under the accuracy
conditions subJects took roudhly four times londer to
comrlete the task than under the sreed conditions. Neither
number of errors nor 3ccumulated time of errors showed a

sidnificant difference between the two conditions.

Craik(1948) assumed that the sreed of 3 continuous
rerformance was limited bws times» first to observe and
decide wuron the correction for misalignments (resronse
initiation time)» and seconds to carrg out the correction
(time of movement or correction).

(a) When actions have to be carried out meticulously and
the disrlay is staticr sublects may well monitor the end of

movements as well 35 earlier significant eoints (accuracy
exreriment). This extra monitorind increases the total time
of successive resronses.

(b) When the action does not have to be as rrecise(sreed
exreriment)r» the extra nmonitoring time is likelwy to be

eliminatedy and the sreed of rerformance will be reduced.

Furthersy in a key Pressind tasky DNavis(1956) observed
that resronse accuracy was increased if subdects did not
monitor rerformance. The suddestion was that observer’s
attention wmaw in fact idinhibit the resronse dimmension

actually beind soudght. In the epresent taskr it can be

rpostulated that this same phenomena maw have actuaslly
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dedraded rperformance as orrosed to imrrovingd it 38 would
intuitively have been exrected.

It was observed that ¢

1, The sreed of the movind rrobe in the sreed exreriment
(8,39 cm per sec) was faster tham accuracy exreriment(1.94
cm rer sec). This assumes 3 constant rates of travel through
the exreriment,

2. During the sreed exreriment, the subliects did nrnot
concentrate their efforts on minimizing errors but on time
to comrl=te the task. Performance suddested that subdjects
continued to 3llow the ~robe to touch the rail or mesh. This
Ppractice 3allowed them +to wminimize the time required to
comrlete the task. It can be hyrothesized that this stratedy
of touchind the #rfrobe to the ra3il or mesh reduced the
agrraortunity for subdects to commit additiornsl errors.

3, Durind the accurscy rortion of the exerimentr» most
subJjects storred their rrobe to correct anwy error/touch.

This rpractice maw have contributed more errors by sroviding
additional orrortunits for error/touch commission.

4, Furthers several subdects indicated that tremor
influenced their rerformance during the accuracy rortion of
the exreriment. No sub.Jectrerorted tremor during their sreed
trials. Yond(1933) susdested that attemrts to control tremor
usually addravates the condition. Thereforer in the Present
studys the contribution of tremor mayw have 1led to dedraded
rerformance in the accuraey condition. That isy instructions
and resultind subJdect orienmtations may have actuall': served
to dedrade rerformance on the accuracy dimension. It can be

rostulated that the factors suddested above combineo to
39




rprodice a dedradation of

spead

and

no

imFrovement in

ac-garacy on the task emphasized in the present exreriment.
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VII. CONCLUSIONS

It was concluded that ¢
1. There was no differences in the number of errors or
the accumulated time of errors between the results of the

speed exreriment and the 3ccuracy exreriment.

2+ There was sidnificant difference in time to comrletion

between the sreed exreriment and the accurascy exreriment.

3+ Prorortional errors in durations of touch showed 3
sidnificant difference betuween the sreed exreriment and the

accuracy exreriment.

4, Attemrts by subdects to marximize accuracy actually

seemed to impair their ability to reduce errorr while

simultaneously increasing their time to complete the task.

Thereforer in the eresent tasky instructional set dedraded
the rperformance dimensionsr» the instructions were actually
attemrting to enhance. This condition cans in parts be
attributed to the develorment of prerformance stratedies
which may have served to increase the orPortunity to commit
errors and the production of tremor. These two conditions
arrarently worked in oprosition to the accuracy

instructions.
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AFPENDIX A

INSTRUCTION

The most deneral do0a3l of a trackind task is comrletion
of the task in minimum Period with minimum error.
This exreriment is designed to comepare the result of an
exrerimental tracking task with srpeed and with rrecision.
Read following instructions carefully and ask auestion to
the exrerimenter if there is.

1. Your task is to dguide the srobe through the wires from
the start point to the end roint.

2, Hold the rlastic handle of the rrobe where ever dou
feel comfortable.

3. The tracking hand and arm should not rested on the
table ar the test board,

4, The probe should not touch the wires or the mesh below

themy unless it will make errors and counted by the
comruter.,

S. Touch the start roint whern vou start a run. Cowmrleting
the runy touch the end roints immediatelw.

6. Your exreriment is composed of two runs ¢ one is 3
speed exreriment and the other is an accuracy exreriment.

7. You can have preliminary trials ur to two runs.

8. If wou have any cuestiony ask the exrerimenter bw wour
words . The exrerimenter will answer ‘YES‘ or “NO‘ onlyg.

?. If wou have no cuestions any morer wait the starting
sidnal from the exrerimenter.

10. ( ) Your first run is a3 sreed exreriment. Sreed is
very imrortant. [lo it as fast as wou can.
( ) Your first run is an accuracy exereriment. Accuracy

is very imrortant., Do it as accuratelwy as rossible.

11. ( ) Your second run is an accuracy exreriment.,
Accuracy is very important. o it as accuratelw as vwou can.
( ) Your second run is a speed exreriment. Sreed is
very important. Do it as fast as wou can.,

12, Please tell the exrerimenter any comment if wou have.
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AFFENDI N
RAW DATA
] SUBJ, MO, HES HEA TES -~ TEA TCS TCA
1 106 104 4,76 3.44 32.7 44,4
2 87 143 4,9 46,01 ?.69 36.2
3 &5 84 3.63 4,.84 14.3 26.6
4 18 79 2.49 7.77 3.07 61.9
5 79 b6 4,01 4,7 11.8 42,5
b 71 86 17.8 6,01 23.8 79.6
7 78 42 4,81 3.28 646.8 157
8 44 32 3.07 1.54 39.2 82.6
9 34 102 3.44 7.57 5.38 46.3
10 30 S5 1.41 3.58 4,86 31.4
11 44 49 7.2 4,41 22.9 S54.1
12 43 15 3.67 0.946 52,1 124
13 45 @7 3.75 6.2 8.56 104
14 25 20 1.23 1.81 118 181
15 b 62 40 3.96 2.42 58,9 70.4
16 i 95 45 6.26 3.81 44 ?1.1
17 i 49 86 3.97 6.27 6.6 S54.2
18 P23 36 3,32 2 4,26 71.2
19 i 31 51 3.09 2,26 6.73 40.6
l HES = MNUMEBER OF ERRORS IM SPEED ENFERIMENT
HEA = MUMEER OF ERRORS IM ACCURACT
TES = CUMULATIVE TIME OF TOUCH I SPEED EXFERIMEMT (SECOMD)
TEA = CUMULATIVE TIME OF TOUCH IM ACCURACT (SECOND)
TCS = TIME TO COMFLETIOM IMN SFEED EXFERIMENT (SECOND)
TCA = TIME TO COMFLETION It ACCURACT (SECOMD)
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Appendix C
COMPARISION OF RESULTS AND CONCLUSIONS
| | RESULT § RATIO
' - -———-——=CONCLUSION '
ISPEED 'ACCURACY SPEED ACCURACY l
. , | . et
Number of MEAN sk.2  68.0 1 : 1.25
Errors , - . !
(NE) MED '48.0  63.0 1:1.31 | NES=NEP
-errors- - e T T i
; VAR 610 1110 - |
‘Total Time MEAN 4.46 4.31 1.03 : 1
of Errors : - - S
(TE) MED 3.71  4.55 1:1.23 TES=TEP
-s8econd- —_—_— S - _
VAR 10.7 3.8 -
Time to MEAN 25.1  65.8 1 : 2.62
Completion e e el e e
- (TC) MED 10.5  54.2 1: 5.16 PTS<TTP
+ -second- - R -
VAR 81u 1940 -
Wean Time of AN 0.087  0.066 1.31 & 1
| ‘Single Error ——— 7 ————e 3--
| ! (MTE) MED 0.074% 0.065 1.15 : 1 MTES=MTEP
i ¢ =-Second- : — e e . :
{ ] VAR 0.002 ~0.0003 - .
| Mean Interval MEAN 0.552  1.73 1 : 3.13
| ibetween Error — m T
; (MIE) MED 0 204 0-79 1: 3.87 MIES<MIEP
-second - T T
VAR 0. 961 2.u2 -
Proport10na1 MEAN 39 5 11-2 3.53 + 1
Error ‘ ’
- (PE) MED 38.8 7.9 kool : 1 PES>PEP
- =-percent- — T T ’ )
. VAR 7.14 1. 95_“._~ =
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AFPENDIX D

WILCOXON MATCHED-PAIR SIGNED-RANK TEST(FPROCEDURE)

1, For each subdJdect’s resultsy determine the sidgned
difference(l) between sreed exreriment and accuracy
exreriment.

2. Rank these Ii’s without resrect to sign,

3. Affix to each rank the sidn(+ or -) of the D which at
rerrasent.

4. Determine T=‘Number of The smaller sums of the
like~sidned ranks’,

S, By caountindy determine N=’'The total number of D’s
having a sidn’.

6. Comrare T with the critical redion with AFPPENDIX.F
having N.

(Siedel»1956 rade 83)
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APLENDIX E

Table of Critical Values of T in the Wilcoxon
Matched-pairs Signed-ranks Test

Level of Significance for one-tailed test
N : .025 .01 0.005
| Level of Significance for Two-Tailed test
.05 .02 .01

6 0 - -
? 2 0 -
8 L 2 0
9 6 3 2
10 8 5 3
11 11 7 5
12 14 10 7
13 1?7 13 10
14 21 16 13
15 25 20 16
16 30 24 20
17 35 28 23
18 Lo 33 28

¢ 19 ué 38 32

- 20 52 L3 38
21 59 Lg L3
22 66 56 Lo
23 73 62 55
24 81 69 61
25 89 77 68

(Siegel, 1956)

N was always 19 (no pair of data showed tie)
and Critical Region was T<46 at significance
level X=0.05 (Two tail test)
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